We studied the expression of PDGF-a and -13 receptors in 10 normal and 40 pathologic human kidneys (five minimal change disease, five membranous nephropathy, 25 IgA nephropathy, five lupus nephritis), by both immunohistochemistry and in situ hybridization techniques. In normalappearing kidneys, both PDGF-a and -13 receptors were expressed at the glomerular and interstitial level, the latter receptor more intensely than the former. The distribution and degree of expression of both receptors in nonproliferative glomerulonephritides were comparable with those found in normal-appearing kidneys. PDGF-fl receptor gene and protein expression were upregulated in proliferative nephritides both at the glomerular and the interstitial level and strictly correlated with the grade of histologic lesions. Finally, PDGF 13 receptor expression was observed at a low level in normal-appearing renal vessels, and strikingly increased in injured arteries. Diseased kidneys displayed only a slight increase of PDGF-a receptor expression, chiefly at the interstitial level. Noteworthy, a few cases of lupus nephritis showed a moderate increase of PDGF-a receptor also at the glomerular level.
Introduction
Platelet-derived growth factor (PDGF) is a multifunctional polypeptide which is expressed by several cell types within the kidney, including resident endothelial, mesangial, vascular smooth muscle, and interstitial cells, as well as immigrant mononuclear cells. Its biologic effects range from mitogenic activity to regulation of extracellular matrix metabolism, chemotactic and vasoactive properties, and regulation of immuneinflammatory responses (1) (2) (3) (4) (5) (6) (7) (8) .
PDGF is a disulfide-bonded dimeric glycoprotein composed of two nonidentical but highly homologous chains, known as A and B chains, which give rise to the formation ofthree different isoforms: AA, AB, and BB (1, 7) . The activity of PDGF is mediated through its interaction with a high affinity cell surface receptor, a btansmembrane glycoprotein of 180 kD with intrinsic tyrosine kinase activity. Two types of PDGF receptors (a and /3) have been cloned and sequenced (9) (10) (11) . Although sharing identical structural features, a and ,B receptors (R)' present only 43% overall sequence homology at the amino acid level (10) . The ligand binding specificity of these two receptors also differs considerably: PDGF-aR binds both chains, whereas PDGF-,6R binds only the B-chain (12) . Moreover, preliminary studies lead to hypothesize that PDGF-a and -f3Rs may transduce common as well as unique intracellular signals (13) . Both in vitro and in vivo experiments have clearly shown that PDGF can modulate cell proliferation and the production of extracellular matrix in physiologic as well as in pathologic processes (14) (15) (16) (17) (18) (19) . Mesangial cells have been reported to express both PDGF protein and its receptor in vitro, which makes this growth factor a potential autocrine regulator of mesangial cell activity (15) . Furthermore, Muller and co-workers (20) (21) Immunostaining is seen as the dark red alkaline phosphatase product within the mesangial area (thick arrows), the parietal epithelial cells (short thin arrows) and the interstitial cells (long thin arrows).
Gibco, Milan, Italy) was used to obtain run off transcripts of either the anti-sense (complementary to mRNA) or sense (anticomplementary, negative control) 35S-labeled strands, respectively. Transcription and labeling of RNA probes were performed as described (24) . Prehybridization, hybridization, removal of nonspecifically bound probe by RNase A digestion, and further washing procedures were performed for both positive and negative strand RNA probes as described previously (24) . Autoradiography was performed by dipping the dehydrated slides into Ilford G5 nuclear emulsion (Ilford, Mobberley Cheshire, United Kingdom). The exposed slides were developed using Kodak D19 developer (Kodak, Hemel Hampstead, United Kingdom), counterstained in hematoxylin-eosin and finally mounted. Sections from normal and diseased kidneys were processed in parallel, using the same batches of probes and reagents.
Immunohistochemistry. The immunohistochemical detection of PDGF-a and -,iRs was performed on frozen sections using chromatographically purified mouse antibodies, specific for human PDGF-a and -,iRs (Genzyme, Cambridge, MA) (25, 26 (25) . Microscopy studies. Computer morphometry (Quantimet 500, Image Analysis System, Leica S.pA., Milan, Italy) was used to quantify the histologic lesions and the optical density of the signal generated by the silver grains (in situ hybridization) or the new fuchsin (immunohistochemistry). The video image was generated with a video camera (Leica) and digitized for image analysis at 256 grey levels. An optical threshold and filter combination was set to select only the nuclei, the mesangial matrix, the interstitial fibrosis, and the silver grains or the new fuchsin deposits. Two observers independently assessed morphological changes, as well as hybridization and immunohistochemical signals in a double-blind protocol, as previously described (17, 27 was extracted by the method of Chomczynski and Sacchi (29) . HMC RNA was fractionated on 1.2% agarose gel with 6% formaldheyde and analyzed for human PDGF-/3R mRNA by Northern Blot (30) .
Statistical analysis. Quantitative data were compared by analysis of variance (p). Pearson's correlation coefficients were computed by linear-least squares regression.
Results
In normal-appearing human kidneys, in situ hybridization revealed PDGF-f3R mRNA expression within the glomerulus (Fig. 1, A and B) . At the glomerular level, the hybridization signal was prominent in the mesangial area. Parietal epithelial cells displayed a constitutive expression of PDGF-f3R, although to a lesser extent. The lack of hybridization with control "sense" probe ( Fig. 1 C) , along with the lack of detection of silver grains at the renal edge (not shown), apparently demonstrated that the hybridization signal detected was highly specific. Finally, a widespread and intense hybridization signal was found within cells of cortical as well as medullary interstitium (Fig. 1, A, B, and D) . Tubular profiles were uniformly negative.
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-i - Similar patterns of distribution were observed by APAAP staining. Protein expression was present diffusely within mesangial area and focally at the apical surface of parietal epithelial cells (Fig. 1 E) . PDGF-,3R expression was scattered in the interstitium, and especially in mesenchimal peritubular cells, whereas tubular cells were constantly negative (Fig. 1 F) .
PDGF-aR expression, as evaluated by in situ hybridization and immunohystochemical techniques, strictly mirrored the distribution of PDGF-,3R reported above (Fig. 2, A-D Finally, smooth muscle cells of the media and adventitial connective tissue cells of intrarenal arteries showed a fairly detectable, but constant, hybridization with PDGF-OR probe (Fig. 3, A and B ). An increased expression of PDGF-/3R mRNA and its protein was observed in the kidney specimens of patients suffering from proliferative GN, namely IgA nephropathy and class IV lupus nephritis. In IgA nephropathy (Fig. 4, A-E) , PDGF-,i8R upregulation was detected chiefly within the mesangium, the glomerular parietal epithelial cells, and the interstitium, while tubular profiles remained consistently negative.
Moreover, a strict correlation was observed between PDGF-PR expression and the severity of histologic lesions (Tables II and   Table III Fig. 4 , C-E). In lupus nephritis (Fig. 5, A-C) , PDGF-/3R expression mirrored the pattern observed in IgA nephropathy. Interestingly, an increased expression of PDGF-,BR was observed also in glomerular crescents of lupus nephritis (Fig. 6 , A-C) being strictly limited to its cellular component. In contrast, specific staining in non proliferative GN, i.e., membranous GN (Fig. 4 F) and minimal change disease (not shown), was similar to that observed in normal tissues. Finally, kidneys with proliferative glomerular lesions exhibited an upregulation of PDGF-/3R within the vessel media and the adventitia both at transcriptional (Fig. 3, C-F ) and posttranscriptional levels (not shown). The increased PDGF-,BR expression was strictly correlated with the severity and extension of the vascular lesions (hypercellularity and sclerosis, both P < 0.01).
As regards PDGF-aR expression, diseased kidneys exhibited only a slight increase, predominantly at the interstitial level. Noteworthy, a few cases of lupus nephritis showed a moderate increase of PDGF-aR both at the glomerular and the interstitial level (not shown).
Discussion
It has been previously reported that human mesangial cells in vitro predominantly express PDGF-,/R (8) . In the present study, we confirm, by Northern blot analysis, that cultured mesangial cells exhibit a strong constitutive expression of a 5.7-kb transcript for PDGF-PR (Fig. 7) . This expression apparently accounts for the relevant mitogenic response elicited by PDGF-BB and -AB and, conversely, the very weak effect evoked by PDGF-AA isoform in cultured cells (8) . Recently, it has been elegantly shown that rat mesangial cells in vivo proliferate also in response to exogenous infusion of PDGF-BB (31). Finally, Silver et al. (32) demonstrated that mesangial cells, when stimulated by PDGF, can express the growth factor. Thus, PDGF can act on mesangial cells in an autocrine fashion. An upregulation of PDGF and its /3 receptor in mesangial region has been described in experimental mesangial proliferative GN (16) (17) (18) (19) , along with a reduction of mesangial cell proliferation after anti-PDGF antibody treatment of rats with proliferative glomerular lesions (anti-Thy. 1 model) (33) . Furthermore, an increased expression of PDGF-,OR protein was reported also in diseased human kidneys (34) . This study provides further support to the hypothesis that PDGF-/3R upregulation in mesangium may contribute to the amplification of mesangial cell response to PDGF during glomerular injury in humans.
Alpers et al. (22) (20) (21) .
Immunohistochemistry studies clearly localized PDGF-PR protein on the surface of peritubular cortical and medullary interstitial cells of human kidney (22) . Here cells at both the cortical and medullary level. The increase of PDGF-f3R expression in the interstitium of diseased kidneys, on the other hand, supports the view that the extent of interstitial involvement in human nephropathies, regardless of the primary site of injury, may be crucial for the fate of renal lesions. Again, the release of PDGF by infiltrating cells (36, 37) or by adjacent tubular epithelial cells (20, 21 ) may serve as a stimulus for the recruitment and activation of interstitial fibroblasts expressing an upregulated PDGF-J3R.
Two findings need to be further addressed. First, PDGF-aR expression was uniformly low in normal specimens and showed only minor modifications in almost all diseased kidneys. In fact, PDGF-R is subject to regulation by PDGF itself as well as by other peptides (38) (39) (40) (41) (42) . It has been argued that very few PDGF-aRs, in the presence of very high amounts of PDGF Achain mRNA, may represent a mechanism aimed to prevent autocrine growth of mesangial cells in normal glomeruli (42) . Were (22, 33) which depicted, by immunohystochemical techniques, a renal distribution of PDGF-,/R closely resembling that described here, except for the above finding. Indeed, PDGF exerts a well recognized proliferative action on vascular smooth muscle cells in vitro and plays a pathogenetic role in the process of atherogenesis, largely due to its mitogenic effect on smooth muscle cells. Furthermore, injured arteries of diseased kidneys usually display a striking expression of PDGF-,lR (Fig. 3, C-F) (34) . Therefore, the presence of a scattered positive signal for PDGF-PR in the media of undamaged kidney arterial vessels is largely expected, and may become apparent according to the different methodology of investigation adopted.
To our knowledge, this is the first report demonstrating transcript within the cellular portion of crescents (arrows) and, conversely, the lack of a hybridization signal in the sclerosed portions (arrowheads). An intense signal is present within the glomerulus and the interstitium (X250).
the constitutive expression of PDGF-,6R transcript by vascular smooth muscle cells prompts the hypothesis that the growth factor may also contribute to the regulation of vascular response in physiologic as well as pathologic states.
